Anxiety is characterized by an increased attention toward threatening information. Anxious adults displayed such attentional biases in tasks involving both implicit and explicit evaluation of Emotional Facial Expressions (EFE). This study investigated whether anxiety can disturb these two levels of information processing in children processing emotional faces. Second, we also intended to examine whether anxious children exhibit comparable responses to adult and child EFE, as children are particularly confronted to peers' faces in their daily life. To this aims, a sample of children with high levels of anxiety on SCARED and STAI-C scales were compared to healthy children ranging in age from 6 to 9 years. They performed a forcedchoice paradigm, consisting in judging the age (adult/child), the gender (male/ female) and the emotion (anger/happiness) of faces presented one by one on a screen. For each condition, correct answers rates (CA) and Reaction Time (RT) were examined for anxious and non-anxious groups. Results showed that children performed generally more accurately for judging emotion as compared to age or gender. However, this effect was moderated by the face's categories, as all children answered with higher accuracy to adult faces in the gender condition, and to children faces in the age condition, meaning they identify more accurately their peers but the sexual characters are more distinguishable on adult faces. All participants were more efficient to identify anger than happiness, but healthy children answered faster to adult angry faces in all conditions, while anxious children did not show this effect and processed more accurately anger on children faces as compared to adult ones. These results suggest that anxious children paid more attention to their peers' disapproval, while non-anxious children focused rather on adults' disapprobation. Further research might examine the role of the social standing and need of social approval in paediatric anxiety.
Introduction
Anxiety Disorders (AD) constitute the most prevalent mental disease in children, affecting 9-21% of children and adolescents at some point in their lives [1] . Children can manifest transient symptoms of anxiety as part of typical development [2, 3] , but childhood AD often persist in adolescence and adulthood [1] . The most common AD in children include Separation Anxiety Disorder (SAD) which typical to childhood, even if it may persist until adolescence and adulthood, Social Anxiety (SA) and Specific Phobia (SP). On the other hand, Generalized Anxiety Disorder (GAD) and Panic Disorder (PD) are less frequent in children (Table 1 ) [4] .
Clinical anxiety causes significant problems in daily functioning and AD are often associated with other comorbid conditions as depression, suicidality or substance use disorders [5] . Consequently, it is imperative to identify the characteristic of children with pathological anxiety as well as the cognitive underpinnings of paediatric anxiety disorders to develop efficient therapeutic intervention and prevent a chronic evolution of anxiety. Etiological models of pathological anxiety postulate a later [17] and perceive pleasant or unpleasant meaning around the age of 1 year. The recognition of fundamental EFE emerges between 2 and 3 years [18] and is excellent between 5 and 6 years for joy, sadness and anger [19, 20] , while recognition of fear, disgust and surprise appears later and improves between 5 and 10 years [21] . Nevertheless, behavioural and neuroimaging studies indicate that EFE recognition capabilities and associated brain regions continue to develop during childhood and late adolescence. The ability to identify EFE has mostly been explored by mean of explicit tasks in which participants have to recognize the displayed EFE. Two studies found no emotionlabeling deficits [22, 23] in anxious children, regardless the type of anxiety. However, other results suggest decreased abilities to identify anger in anxious adolescents [24] . These discrepancies could result from differences in methods and anxiety diagnosis, as SA seems particularly associated with slower identification RT for neutral faces [25] and lower accuracy for faces expressing happiness, sadness and disgust [26] .
However, very few researches compared the abilities to identify adult and child EFE. Indeed, children interact more with peers than adults during the day school and their relationships with peers and adults cater to different dynamics. Their interaction with adults are usually laced with dependence and authority while interaction with other children is rather driven by social inclusion concern. Gifford-Smith and Brownell [27] pointed out that peer acceptance is most critical in elementary school and decreases with age. Accordingly, children may process adult and child-posed faces differently, as suggested by Benoit et al. [11] . Three studies did not report difference between child and adult faces when anxious and non-anxious children completed ForcedChoice (FC) tasks [22, 23, 25] . However, Easter et al. [28] revealed higher error rates for adult faces than child faces for both anxious (GAD, SAD, SP) and non-anxious youths performing in EFE identification task (FC: anger, fear, joy, sadness). The two groups did not differ on child faces accuracy, whereas the experimental group showed poorer performance on adult faces accuracy than the control group. This result suggests a differential processing of adults and peers' emotions in anxiety. Age may also impact central role of emotion dysregulation, notably abnormal reactions to stress and motivational stimuli [6] . Given the particular salience of Emotional Facial Expressions (EFE) in everyday life, they are first-choice stimuli to explore cognitive processing of emotional information [7] .
Accordingly, numerous studies have demonstrated a biased processing of EFE in anxiety disorders in children [8] and adults [9] . Amongst the most typical paradigms used to examine these biases, spatial cueing paradigms are designed to evaluate selective attention, and Stroop paradigms to evaluate the abilities to control emotional interferences [8, 10] . Benoit et al. [11] study suggested that anxious children displayed longer response latencies to name the colour of filters placed over grayscale emotional faces, regardless of the type of anxiety, in comparison with control children. Age may play a moderator effect in the occurrence of attentional biases, as younger (7-10 years old) moderately-anxious children were described as presenting an enhanced bias for emotional faces as compared to older children (11-14 years old) in emotional Stroop and visual probe tasks [12] . Accordingly, these authors hypothesised that attentional bias to threat decreases with age, possibly with the development of attentional control [13] . The importance of inhibition abilities was also outlined by Hadwin et al. [14] who found a correlation between high social concerns and low inhibition capabilities toward angry EFE in comparison to neutral ones, in children from 6 to 12 years. Concerning the extend of the biases, some studies observed a slower response for angry faces solely [12] while others reported longer RT also for happy faces [11, 15] and even for neutral faces [11] . Such inconsistencies may be explained by the fact that some paradigms presented adult faces [12] , mixed child and adult faces [11] or schematic faces [14, 15] . When comparing child and adult faces, Benoit et al. [11] reported slower colour naming, meaning enhanced interferences, for adult faces than for child faces, irrespective of facial expressions and anxiety levels. Accordingly, adult expressions may be more salient and attract more attentional resources, but this hypothesis has not been tested anymore.
If anxiety can alter the perception of EFE, it can also lead to emotion identification biases. The ability to identify emotions develops from birth, as babies can discriminate emotional facial expressions at 4 months [16] Intense and irrational fear of a specific object or situations, like animals, water, dark or medical procedures. Symptoms: avoidance of phobic things and situations, anxious feelings and physiological symptomatology like crying, headaches or stomach-aches.
Childhood 5%
Panic Disorder (PD)
At least 2 sudden and unexpected anxiety attacks and a concern of having another one that lasts more than 4 weeks. Symptoms: physical reactions, such as nausea, heavy breathing and shaking Childhood 0.4% on emotion labelling abilities, as suggested by McClure et al. [23] . Their study recruited participants with bipolar and anxious disorders from 10 to 16 years old. Younger bipolar adolescents made more errors in identifying child faces expressing high or low levels of anger. This difference was not found in older participants. This hypothesis could interestingly be examined by recruiting younger anxious children (under 10).
Accordingly, our study aimed to investigate whether anxiety disturbed the processing of angry and happy expression in children and whether attention biases or identification biases were more pronounced for adult faces or child faces. To this aim, we proposed a forced-choice paradigm in which children had to judge the gender, the age or the emotional expression of adult and child EFE. This paradigm has been used to study emotion processing in other pathologies than anxiety disorders, such as depression [29] or schizophrenia. As children reach the same emotional recognition abilities than adults at age 6 [30] and anxiety is often diagnosed around 8 years old [31] , we decided to focus on children between 6 and 9. We first expected differences in child and adult EFE processing (RT and CA). As children aged less than 9 are less efficient in inhibiting emotional information [32] , we expected, in all participants, better and faster identification in the explicit condition (identifying emotion) than the implicit ones (identifying age and gender) and we hypothesised that all children should identify anger faster than joy [33] . We expected anxious children, in comparison with the control group, to be more accurate in identifying child EFE than adult ones [28] , and to identify faster angry faces, but to answer slower for angry faces in the implicit condition (identifying age and gender) because of the interference elicited by threat.
Methods Participants
Participants included 40 French-speaking children (22 males, 18 females) aged from 6 to 9 years old (M=7.54, SD=0.83).
Anxious children were recruited through e-mail advertisements, flyers distributed through schools, mental health centres and independent psychologists. Participants were included in the clinical group if they were currently in mental health treatment for anxiety (11 children) and/or if they met SCARED (scores ≥ 25) and STAI-C criteria (scores ≥ 34) for an anxiety disorder (9 children). In the anxious group, 11 children received a diagnosis from a psychologist: 3 SA, 3 SAD, 2 GAD, 1 Performance Anxiety (PA) and 2 comorbid SA-SAD (Table 2 ). They were from 6 different provinces of Belgium (Walloon Brabant, Liege, Brussels, Luxembourg, Hainaut and Namur). Exclusion criteria included mental retardation, physical handicap and ADHD, since the study involved a computer-based attention task. Control children presented no anxious complain and performed low anxiety scores at SCARED and STAI inventories.
Procedure
The study protocol was approved by the Ethical Panel of the Catholic University of Louvain, where the study took place. Upon arrival at the research lab, parents and children were presented with the study protocol and asked to sign consent and assent forms. The child first completed the self-reported inventory (see below) and then achieved the experimental session. Parents were also administered a semi-structured interview about child's fears and were asked about their child's past and current psychological treatment for anxiety.
Measures

STAI-C:
To assess children level of anxiety, they were administered the French version [34] 
SCARED-R-51:
The Screen for Child Anxiety Related Emotional Disorders (SCARED-R) [3, 36] is a 51-item self-report instrument constructed for evaluating anxiety disorders, discriminating other associated disorders such as depression and disruptive disorders and distinguishing specific types of anxiety such as GAD (e.g. "I worry about things working out for me"), SA (e.g. "I don't like to be with people I don't know") or SAD (e.g. "I don't like being away from my family"). Items are scored on 3-point Likert scales (1=Never/Rarely; 2=Sometimes; 3=Often). In our study, the French version [37] was used. This version is validated for children between the ages of 8 and 15.
EFE judgment task:
The stimulus set was composed of pictures of Caucasian human faces, taken from Radboud faces database [38] . Facial stimuli were oval-trimmed by excluding non-facial contours and hair and resized at the same size, so that eyes appeared at the same level on the screen. They differed in gender (man or female), cohort (adult or child) and expressed emotion (anger or happiness). 48 different stimuli were then generated (3 men, 3 boys, 3 women, 3 girls, each expressing anger or happiness).
Children were confronted to three conditions, as they were asked to make dichotomous judgment on EFE ('happy' or 'angry') or on non-emotional features (age or gender). Participants were seated 40 cm in front of an LCD monitor with a display resolution of 1,280 × 1,024 pixels. The task was programed with an ePrime 2.0 device and was presented as a game where the instruction appears at the beginning of each block ('tell me if the person on the screen is a boy or a girl/child or adult/happy or angry'). Participants were confronted to 12 blocks of 50 stimuli, 4 in each condition (age, gender or emotion), the conditions changed between each block and their order was counterbalanced between the participants.
A trial started with the presentation of a fixation cross on a white background for 500 ms. Stimuli were then presented one by one for 500 ms and the inter-trial interval lasted between 1000 and 1500 ms. The entire experiment consisted of 600 trials, with a pseudo-randomized presentation of the different types of cues within each block. Children were tested individually in a singlesession lasting approximately 45 min.
Statistical Analysis
Statistical analyses were computed using Statistical Package for Social Sciences, version 23 (SPSS 23.0). We examined children correct answers rates (CA) and their Reaction Time (RT) on correct answers. For this purpose, 3 × 2 × 2 × 2 repeated-measures Analyses of Variance (ANOVA) were conducted with condition (judgment on age, gender or emotion), emotion (expressing happiness or anger) and cohort (adult vs. child) as within-subject factors, and Group as between subject factor (anxious and non-anxious participants). CA and RT results appear in Table 3 . Alpha level of significance was set at 0.05. Greenhouse-Geiser epsilon correction was used in order to compensate for violation of sphericity and Bonferroni post-hoc tests to explore simple effects when appropriate. Eta-squared were calculated to certify statistical power. Finally, in-depth paired t-tests analyses were likewise conducted to explore interaction effects.
Results
Firstly, our results revealed significant differences in CA rates between conditions, F(2,38)=57.603, p<0.001, partial η 2 =0.603. More precisely, participants registered better scores in the emotion judgment condition than in the age condition (p<0.001). Gender judgment was the most difficult condition with a rate of 50% mistakes (Emotion-Gender: p<0.001; age-gender: p<0.001).
Second, our results showed a main effect of the emotional expression displayed by stimuli through conditions, F (1, 38) 
.).
This effect was further modulated by emotion, as a third-level interaction between cohort, emotion, and group were marginally observed for CA's rates (F(1,38) F(1,38)=0.122, p=0 .730, η 2 =0.006). Anxious children answered more properly at child faces expressing anger than at adult ones expressing anger (t (19) =2.786, p=0.012) , but no cohort effect emerged for happy faces (t (19)=0.743, n.s.) .
This triple interaction was also found in RT, F(1,38) 
Discussion
This aim of this study was to investigate whether anxiety can disturb two different levels of information treatment in children while processing adult and child EFE. The results of the present study provided consistent evidence to our hypotheses.
First, we expected a main effect of stimuli type, which was confirmed by shorter RT for adult EFE regarding child ones. Thus, children process faster the facial features of adult faces. According to our second assumption, this effect is modulated by the condition. In the age condition, children had higher accuracy while processing child EFE than adult EFE, suggesting that they identify easier their peers than adults. On the contrary, the opposite pattern was found for gender identification. Children registered the lowest accuracy levels in this condition but they performed slightly above the chance level in identifying the gender of adult faces. This finding is in line with Wild et al. [39] results which highlighted two major phenomena. Firstly, levels of accuracy in gender identification varied from just above chance in 7 year-olds to nearly perfect in adults (developmental factor). As our study involved children from 6 to 9 years old, this developmental factor could explain their worse performance in gender condition. Secondly, they showed that children and adults performed less accurately for child faces than for adult ones. This effect might be attributed to the more pronounced salience of male and female features on adult faces (perceptive factor).
Second, children performed better when they have to identify the emotional expressions of faces as compared to the other dimensions (gender or age), confirming the children's reliable abilities to recognize emotions [30] . Moreover, all participants demonstrated an influence of emotion on EFE processing. As a matter of fact, children identified more correctly anger expression than joy expression. This finding is in the line with Kindt and Van Den Hout's [33] theory suggesting that all children under 10 present attentional biases toward threat due to the immaturity of inhibition functions. They may also be due to the salience of anger features at a bottom-up level. Furthermore, the following results support our hypotheses concerning an attentional bias toward child faces in anxious participants and its modulation by anger. In fact, anxious children showed in all conditions a better recognition of child faces together to slower RT to process them. Moreover, our result showed a crucial distinction in processing patterns in anger recognition between anxious and non-anxious participants. Anxious children identified more easily child EFE displaying anger, indexed by higher accuracy and shorter RT (Figure 1) , whereas the non-anxious children identified faster adult anger expression.
In contradiction with Guyer et al. [22] and Melfsen and Florin's [25] conclusions, our study pointed out significant differences in the children' processing of adult and child EFE, when they display anger. This inconsistent result may be attributed to the comorbidity in Guyer's study participants' panel, which included in the same experimental group children with anxious and/or major depressive disorder and to the type of anxiety disorder recruited in Melfsen and Florin's study (social phobia), while we mainly recruited children suffering from GAD, SAD and SA.
While considering emotional faces identification in anxious children, EFE generation choice seems to be of great importance. If anxious and non-anxious children presented a recognition bias toward angry faces, it has two different sources. Non-anxious participants showed more interest in adult angry EFE, whereas anxious children showed more interest in child angry ones. This finding supported a different triggering factor of threat Interaction between experimental group CA and control group RT toward anger EFE.
Note: RT= Reaction Time; CA= Correct Answer perception, that is to say a differential source of threat for each group. These results are consistent with Easter et al. [28] and Jarros et al. [24] studies, which showed poorest performances in adult EFE recognition in anxious groups (GAD, SAD, SP).
By contrast, Simonian et al. [26] did not found any deficit in adult angry EFE identification in social anxious children. Once again, the difference between these two studies may be attributed to anxiety types recruited since Easter et al. [28] selected anxious children suffering from various anxiety disorders (GAD, SAD, SP) whereas Simonian et al. [26] participants were suffering from social phobia. Accordingly, one may hypothesize that social anxiety is not characterised by deficit in labelling emotions [40] , contrary to other types of AD.
These results should be considered from the child's perspective.
In their social environment, adult angry faces mainly indicate the possible occurrence of punitive measures, while child angry faces more probably index peers' disapproval. On that basis, we can hypothesize that non-anxious children may be more sensitive to punishment threat, whereas anxious children and especially social anxious children may rather fear social rejection. As McClure et al. [23] suggested it in mood disorders, social impairment in paediatric anxiety should be considered in the understanding of identification bias toward peers' angry faces.
Limitations and Conclusion
To sum up, our study confirmed the interference of emotion on children's emotional processing, when they have to judge another dimension such as age or gender. It also provided arguments in favour of a differential adult and child EFE processing in anxious and non-anxious children. Even if angry faces were easily recognized by all participants, our design allowed us to clearly disentangle different triggering sources in anxious and nonanxious conditions. Unfortunately, the size of our sample did not allow us to conduct analyses considering participants' age and type of anxiety with a satisfactory statistical level. Despite these limitations, the study presented here builds on previous research by providing further insights on aetiology of paediatric anxiety by highlighting the significance of anxious children's peers' emotional evaluation in social rejection. Thus, EFE displaying child faces seem to be more appropriate in evaluating identification abilities in anxious children and should be preferred in paediatric anxiety studies. To precise these findings, further research would be benefit by recruiting a sufficiently large sample that allows researchers to compare face recognition patterns in distinct types of anxiety.
